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Studies  on  the  effect  of  plate  thickness  on  eaaled  cell  be* 
havior  during  high  rate*  of  discharge  were  carried  out  at  0°F.  As  in 
earlier  tests*  the  cell  containing  the  thinner  of  the  two  plate 
Sines  used  showed  the  better  performance.. 

Plate  impregnation  with  the  high  purity  nickel  and  ceded.ua 
ealt  solutlona  were  completed.  Ihe  plates  were  formed,  and  from  the 
plates  sealed  cells  were  assembled .  These  calls,  along  with  controls, 
were  cycled  at  roan  temperature,  to  stabilize  their  capacities,  and 
than  placed  in  an  oven  at  120°F  to  test  the  charge  retention  Barits 
of  the  high  purity  salts , 

Sealed  cells  using  plates  vlth  a  heavier  plate  backing 
support  were  aaaenblad  with  0.025"  and  0.034"  plates.  These  cells 
were  need  to  study  the  effect  of  a  more  uniform  plate  currant  dis¬ 
tribution  on  seeled  cell  behavior  during  high  rates  of  discharge. 

The  effect  of  rubldltaa  and  cesium  as  electrolyte  additives  was  also 
studied  under  high  rate  discharge  conditions. 

A  Cd/Cd(CC)2  couloaeter,  using  0.035"  plates  war.  constructed 
and  tasted  at  high  current  rates.  It  was  found  that  the  opacity  of 
the  device  decreases  vlth  increasing  current.  It  was  also  found  that 
aQ  excessive  amount  of  hast  is  generated  with  this  device  et  high 
current.  Consequently,  another  one  is  being  tested  with  thin  pistes 
to  alnhcizs  these  undesirable  effect*. 


2. 
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A  breadboard  nodal  of  the  charge  control  circuit  vaa  con¬ 
structed  and  teetadc  The  unit  functioned  properly  when  activated 
by  a  coulonatar  signal,,  Three  charge  control  circuits,  each  capable 
of  handling  110  aaperes,  were  constructed  to  test  each  of  the  three 
signal  generating  devices;  the  coulaawtar,  Adhydrode,  and  pressure 
switch. 


( 
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xi.  utiqiocrxon 


Ihe  objective*  of  this  research  end  development  prograa  ere 
to  design,  develop,  end  febricete  hermetically  seeled,  melntenence- 
free,  high  rate,  nickel -cactelun  batteries  for  aircraft  applications „ 
that  Is,  the  battery  trust  be  capable  of  delivering  the  necessary  power 
for  engine  starting,  it  Bust  be  capable  of  withstanding  the  varied  en¬ 
vironmental  conditions  that  nay  prevail  in  an  aircraft,  and  It  must 
be  compatible  with  the  constant  potential  charging  system  of  the  air¬ 
craft.  to  achieve  these  objectives,  two  broad  areas  are  being  investi¬ 
gated. 

Firstly,  a  basic  research  program  has  been  undertaken  with 
the  ultimate  goal  of  Improving  the  electrochemical  operation  of  sealed 
nickel-cadmium  cells,  Ihe  areas  where  improvements  are  sought  Include 
longer  shelf  life,  better  electrical  performance  at  high  ratas  of  charge 
and  discharge,  and  better  electrical  performance  at  high  end  low  tem¬ 
perature  extremes 

Secondly,  to  make  the  battery  compatible  with  the  constant 
potential  charging  system  of  the  aircraft,  and,  at  the  same  time,  to 
eliminate  unnecessary  overcharging,  several  methods  are  being  investi¬ 
gated  to  control  battery  charging.  Bieee  methods  include  monitoring 
the  severe -hour  capacity  taken  out  and  put  back  into  the  battery 
(coulometer),  the  Adhydrode  which  generates  power  as  pressure  is  built 
inside  the  cell,  and  a  pressure  switch  which  is  triggered  by  the 
internal  call  pressure, 

fhle  report  describes  the  work  performed  during  the  third 
quarter  of  this  prograa.  Details  of  this  work  ere  given  in  the 


following  section# 
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in.  uxras  RggAkoi  m>  Dimawr 

A.  EFFECT  C8  PLATE  THICKHBSS  Of  SSAIgn  Ogl  fUT TOR  DPSIBG  HUB  RATE 
gag  A ■>  DISCHARg 

Sealed  nLctel-cadait*  cells  equipped  with  preeaure  gauge*  and 
containing  0,020",  0.015"  and  0.050"  plates  were  tested  to  determine  the 
effect  of  plate  thickness  (  and  consequently,  current  density)  on  cell 
behavior  during  high  rates  of  charge  and  discharge.  In  assembling  these 
cells,  the  total  plate  volume  In  each  cell  was  kept  as  nearly  constant 
as  possible  to  obtain  a  good  ccog>arlson  In  their  behavior.  All  plates 
were  2.15"  x  1.90"  and  the  theoretical  capacities  of  these  cells,  cal- 
culated  from  the  weights  of  the  active  material,  were  3.23  AH,  3.82  AH 
and  3.82  AH  respectively.  Ihe  performance  of  these  cells  st  high  rstes 
of  charge  (19  to  the  40  ampere  rate)  and  discharge  (up  to  the  60  ampere 
rate)  at  room  temperature  was  reported  previously  (Second  quarterly 
Technical  Progress  Report,  February  1965). 

Ihe  high  rate  performance  of  these  cells  was  also  Investigated 

st  low  temperature.  Cell  #1-50  (containing  the  0.050"  plates)  was  emitted 

from  these  tests  because  of  its  poor  performance  In  previous  tests.  Ihe 

cells  were  charged  at  400  raa  for  16  hours  at  roam  temperature,  placed  In 

an  a Ir-clr culated  cold  chamber  and  allowed  to  cool  seven  hours  before 

+5° 

discharging.  Ihe  temperature  In  the  chamber  was  maintained  at  0°F  „2°» 
Following  the  seven-hour  stand  to  allow  the  cell  te^>eratures  to  equilibrate, 
the  cells  were  discharged  at  ratee  ranging  from  five  aaperea  to  sixty 
amperea  to  0.6  T  per  cell.  Results  of  these  tests  srs  shewn  la  Fig.  1  to 
9.  Ihe  AH  capacities  obtained  at  the  various  discharge  rates,  and  thslr 
correspond lag  current  densities  are  presented  in  Table  I. 
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As  may  ba  man  from  the  date,  eell  #1-20  (containing  the  0.020" 
plates)  again  yerfami  batter  at  all  dlscharga  rate* .  Its  voltage  and 
capacity  were  higher.  At  the  fifty  o*ere  and  sixty  spare  rates,  cell 
#1-35  reached  0.6  V  within  two  seconds  froa  the  ths  the  discharge  was 
started. 

the  better  performance  of  the  eell  containing  the  thinner  plates 
is  the  result  of  several  causes.  Firstly*  at  any  given  discharge  rate, 
the  current  density  In  call  #1-20  is  lower.  Secondly,  because  eell  #1-20 
contains  nore  plates  (15  plates  in  #1-20  and  11  plates  In  #1-35)  within 
the  ease  apace.  Its  Internal  resistance  Is  lower  and  consequently.  Its 
H  drop  la  lower,  thirdly,  because  the  center  to  center  spacing  of  the 
platen  Is  closer  In  eell  #1-20,  its  concentration  polarisation  met  be 
lower,  the  validity  of  these  asswptlons  Is  supported  by  the 

voltage  plateaus  and  AS  capacities  of  the  two  cells  at  conparabla 
currant  densities.  At  the  lower  rates  (up  to  about  25  if  aras)  the  two 
cells  yield  about  the  sane  capacity  at  caeparable  current  densities.  How¬ 
ever.  at  higher  rates,  where  polarisation  is  the  predanlnant  cause  of 
voltaga  and  capacity  losses,  cell  #1-20  perf overt  such  better  at  referable 
current  densities. 

Paragraph  3  of  the  Work  Statement  specifies  a  600  enpere  dis¬ 
charge  for  one  ninute  with  the  battery  voltage  maintained  at  no  lose  than 
14  volts.  For  a  19  cell  battery,  this  mens  0.74  volts  per  cell  essvtsi 
negligible  losses  due  to  the  intercell  and  battery  connectors.  The  ex¬ 
perimental  results  of  this  section  suggest  that  this  requlrvent  can  be 
Mt  at  0°F. 
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Co  ntndy  the  effect  of  iagazitiim  end  die  nature  of  the  anionic 
ooactituant  of  the  t^retnating  notation  on  the  eelf-diecharga  character¬ 
istics  of  sealed  nichil«ca<hlai  cells,  high  purity  nitrates,  chlorides, 
and  acetates  of  nickel  and  cadnlta  were  prepared.  Tha  nethod  of  prepara¬ 


tion  and  ecnpoeltlon  of  each  of  thaee  so  tat  lone  vac  described  previously 


(Second  Quarterly  technical  Progress  Report)  • 


solutions 


to  iaq^r agnate  sintered  nickel  pledgee  (2,15"  x  1.90"  s  0.035").  Kadi 
tnpceanetlon  cycle  consisted  of  the  following  sequence  of  operational 


1.  Absorption  of  the  natal  celt  eolation  under  iteua. 

2.  Drying  of  the  platen  at  50°C. 

3.  Precipitation  of  the  metal  in  341  SOB 

4.  Washing  end  drying  at  50°C. 

Shis  h^ragnaMiui  cycle  was  repeated  as  many  tinea  as  vac  required 
to  achieve  the  desired  weight  gain.  A  wnry  of  the  weight  gain  and  tha 
mber  of  cycles  required  to  achieve  It  for  each  «yp*  of  plats  ie  eboun  in 


Cable  n. 


■ideal  Utrcte 

8 

23.0  gn/cn.  in. 

■Ideal  Chloride 

8 

23.7  gn/cu.  la. 

■ideal  Acetate 

32 

21.3  ga/cu.  in. 

Cedbiiw  titrate 

5 

28.7  gpa/en.  in. 

Cadefiw  Chloride 

4 

28.0  p^cu.  in. 

Cayw  Acetate 

8 

28.0  ga/cu.  In. 

1 
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Becaueo  of  the  low  solubility  of  nicks 1  acetate,  32  cycles  vets 
required  to  achieve  s  weight  gain  of  21.3  ga  liCflOj/eu.  in.  using  this 
solution,  this  represents  92 .St  of  the  desired  goal  <23  in.). 

It  this  point  it  was  felt  desirable  to  terminate  plate  impregnation 
because  the  weight  gains  per  cycle  were  so  saall  that  an  additional  sin 
to  ten  cycles  night  have  been  required  to  reach  the  original  goal.  In 
addition.  It  wss  also  felt  dint  these  plates  were  sufficiently  loaded  to 
go  ahead  with  die  oast  phase  of  these  studies. 

following  Impregnation^ the  plates  were  footed,  this  operation 
consisted  of  five  charge-discharge  cycles  ct  room  tenpsrature  to  stabilise 
plate  capacities  prior  to  sealed  cell  aasaably.  Bach  cell  consisted  of 
nine  positive  and  ten  negative  plates.  The  cells  were  charged  at  600  ma 
far  24  boons  and  discharged  at  3.0  anpsree.  The  first  and  fifth  discharge 
cycles  were  carried  out  to  -0.5  V  to  folly  discharge  both  positive  and 
negative  plates,  while  during  the  other  cycles,  the  discharge  was  carried 
ost  to  1.0  V.  Call  capacities  were  checked  to  1.0  ▼  and  Ig/lgO  reference 
electrodes  were  used  to  ascertain  that  the  cell  capacities  were  positive 
ltadting.  Vo  stable  capacities  obtained  fron  these  cells  ware  as  follows t 

Utratas  7.95  AH 

Chlorides  5.70  AH 

Acetate^  8.90  AH 

*  lhls  cell  consisted  of  ton  positive  sad  ten  negative  plates,  so 
that  on  a  per  positive  plate  basis,  tbs  acetates  yielded  e  cap¬ 
acity  equal  to  the  nitrates. 

following  Conation,  the  plates  were  thoroughly  washed  in 
deionised  water  end  dried.  At  tills  tine  it  wss  noted  that  the  positive 
plates  prepared  fron  the  nickel  chloride  solution  showed  evidence  of  a 


9. 

chemical  attack.  Apparently*  the  email  traces  of  chloride  left  In  the 
plate  appear  to  be  deleterious*  which  may  also  account  for  the  lover 
capacity  obtained  during  formation.  Vo  evidence  of  any  chemical  attack 
was  noted  on  the  other  nickel  plates  or  on  any  of  the  cadmium  plates. 

Pour  nickel  pieces  and  six  cadmium  plates  vers  selected  from 
each  grocp  for  sealed  cell  assembly,  two  five-plate  cells  were  assembled 
from  each  group  of  plates.  Ivo  additional  sealed  calls  were  assembled 
with  plates  which  had  been  impregnated  with  standard*  battery  grade  nickel 
and  caiMai  nitrates.  Die  two  latter  cells  wars  added  to  the  group  as 
controls.  Kach  call*  equipped  with  a  pressure  gauge*  contained  6.5  cc 
of  high  parity,  34X  RCB  as  the  electrolyte. 

Die  cells  ware  charge -discharge  cycled  at  room  taaperatur* 
rot  11  the  cell  capacities  stabilized,  the  cells  were  charged  at  1.5  scares 
for  one  hour  and  at  150  me  for  16  hours  to  insure  a  cosplete  charge.  After 
a  30  minute  stand*  the  cells  were  discharged  at  750  me  to  1.0  V  per  cell, 
fro  such  charge-discharge  cycles  were  run  to  ascertain  that  the  cell  capac¬ 
ities  had  stabilised.  Die  capacities  obtained  during  the  last  these 
cycles  were  averaged  sad  theme  values  are  shown  in  fable  XXX. 
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jMLg^smg  <y  bbb  ram 


an  r?,  ah  ctfAcm  _ saw 


m-i 

1.41 

Control 

SS-2 

1.43 

Control 

ha-1 

1.28 

Prepared  from  Acetate 

DA-2 

1.44 

Prepared  frou  Acetate 

DC-1 

1.30 

Prepared  frou  Chloride 

DC-2 

1.35 

Prepared  frou  Chloride 

OH-1 

1.43 

Prepared  frou  Derate 

OT-2 

1.41 

Prepared  frou  Hltrate 

Following  roan  temperature  cycling,  the  cells  were  charged  as 
above,  sad  placed  la  an  oven  maintained  at  120°F  +  2°F  for  seven  days. 

At  tills  writing  the  cells  are  la  the  oven.  After  a  seven-day  stand,  the 
cells  will  be  discharged  at  750  sa  to  1.0  V  to  deters lna  the  charge 
retention  write  of  the  high  purity  salts. 

c.  tmcr  or  BjBBiMm  amp  cohk  m  skalp  cm,  »a*»»  at  «■  saw 
qg  PUCHAaat 

In  an  attempt  to  obtain  a  sore  unlfors  current  distribution  is 
the  battery  plate  and  thereby,  reduce  polarisation  in  the  cell  during 
high  rates  of  charge  and  discharge,  sintered  nickel plaques  with  0.005" 
nickel  as  the  plate  backing  support  (instead  of  0.003")  were  fabricated, 
these  plaque*  were  fabricated  in  two  sizes?  2.15"  x  1.90"  for  laboratory 
studies,  and  5.90"  x  2.75"  for  assembly  of  35  AH  prototype  cells,  lech 
else  plaque  was  fabricated  in  0.025"  and  0.034"  thickness,  these  sintered 
plaques  were  impregnated  with  active  aaterial  and  their  weight  galas  are 
than  in  ZSble  If. 
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TABLE  IV 

mm  GAIHS  Of  UniDlliB 


tun  $m 

»i«I>2 

am/cu.  In. 

Cd«M)2 

oe/eu.  la 

2.15"  x  1.90"  x  0.025" 

21.4 

27.2 

2.15"  *  1.90"  x  0.034" 

23.2 

27.2 

5.90"  x  2.75"  x  0.025" 

21.6 

27.8 

5.90"  *  2.75"  x  0.034" 

23.2 

27.8 

Following  Active  material  impregnation,  the  plates  were  assembled 
into  flooded,  vented  cells  for  electrical  formation,  Each  cell  wes  assembled 
with  nine  positive  and  ten  negative  plates .  Formation  consisted  of  a 
ten-hoar  charge  rats  fox.  24  hoars  (2401- input)- and  a  two-hour  discharge 
rate  to  1.0  V  per  cell.  Table  V  shows  the  specific  charge  and  dlsdurge 
rates,  end  the  steble  capacities  obtained  from  these  plates. 

TABUS  V 

CHARGE  AM)  DISCHARGE  BATES 
Ap,cA?AciryE»  1 8sma 

couuonr  dewitt  cafacztt 


cell  crun  SIZE) 

fflAlMp  VATE 

DISCHARGE  RAZE 

GH  DISCHARGE 

M 

2.15"  x  1.90"  x  0,025" 

600  tna 

3.0  anp 

40.8  ma/in2 

5.9 

2.15"  x  1.90"  x  0.034" 

800  ma 

C' 

e 

© 

1 

54.5  ma/in2 

8.0 

5.90"  x  2.75"  x  0.025" 

2.0  amp 

10.0  aap 

34.2  ma/in2 

22.3 

5.90"  x  2.75"  x  0.034" 

3.0  amp 

15.0  asp 

51.4  ma/in2 

31.8 

I 
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fhe  larger  plates  were  see  aside  for  fabricating  35  AB  prototype 
calls.  She  nailer  plates  were  assembled  into  two  groups  of  sealed  cells. 

•  One  group  of  cells  was  assembled  with  eleven  0.034"  plates  (five'  positives 
and  six  negatives)  and  13  cc  of  electrolyte.  She  other  group  was  assembled 
with  thirteen  0,025"  plates  (six  positives  and  seven  negatives)  and  14  ce 
of  electrolyte,  the  electrolyte  wed  was  34%  BOB.  However,  to  sons  calls* 
electrolyte  was  added  containing  ten  taole  percent  of  rubldiun  hydroxide* 
end  to  sane  cells*  electrolyte  was  added  containing  ten  nole  percent  of 
ceelue  hydroxide.  The  wahs-up  of  these  electrolyte  solutions  was  as  follows 

BOH  28.2% 

RbCB  5.8% 

BOB  26.2% 

CsCH  7.8% 

Bum,  each  group  consisted  of  four  cells  with  the  following 
electrolyte  ccoblnations  i 

Two  cells  with  34%  BOB 
One  cell  with  34%  BOB  containing  KbCB 
0ns  cell  with  34%  BOB  containing  CSCH 
All  cells  were  first  charge-discharge  cycled  at  room  t superstore, 
fhe  cells  were  charged  at  400  aa  for  event}’  hours  sod  discharged  at  two  awpares 
to  1.0V  per  cell.  The  capacities  of  these  cells  are  shewn  in  Table  VI. 

Pol loving  the  lew  rate  discharging*  foe  cells  vsrs  charged  as 
fcsfore  and  discharged  at  sixty  aapsrsa  st  row  temperature.  These  data 
are  show  In  Figures  10  to  12. 


figure  10  shoes  data  for  cell*  containing  34%  BOH.  Figure  11 
•horn  data  for  cells  with  CeCB  in  the  electrolyte,  and  Figure  12  shoes 
data  fox  calls  with  KbCH  in  the  electrolyte. 


•  jl  1 ,  :MjLLLiuJ±K- 1  -  JLl1- 

cguao. 

CAFACTTT.  AH 

1-255AD 

3,10 

0.025"  plates,  34%  BOH 

2-255AD 

3.17 

0.025"  plates,  34%  BOB 

3-255AD 

3.07 

0.025"  plates,  10%  CeCB 

4-2 5 SAD 

3.0 

0.025"  plates,  10%  KbCH 

1-345AD 

3.24 

0.034"  plates,  34%  BOH 

2-345AD 

3.40 

0.034"  plates,  34%  BOB 

3-34SAD 

3.24 

0.034"  plates,  10%  CsOH 

4-345AD 

3.30 

0.034"  plates,  10%  KMX 

TABLE  FIX 

AH  CAPACITIES  OF  CEILS 


0.034" 

Fum _ 

tMfiiW’Bi 

‘  ‘ 'y 

■EE33m3«!l 

34%  BOB 

1.22A/ln2 

2.03 

1.47  A/ln2 

1.06 

BOB  +  CeCB 

1.22  A/ia2 

1.60 

1.47  A/ln2 

1.0 

BOH  -1-  KbCH 

1.22  A/ln2 

1.49 

1.47  A/ln2 

0.84 

34%  BOB  • 

1.05  A/ln2 

1.5 

1.836  A/ln2 

1.0 

•  Cells  #1-20  and  #1-35 
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The  data  are  a  lac  tabulated  in  Telia)  VIX,  end  for  coaparison. 
the  data  obtained  for  cells  #1-20  and  #1-29  indtr  comparable  conditions 
are  also  included. 

As  in  previous  experiment* ,  the  cells  containing  the  thinner 
plates  shoved  the  better  performance  at  the  high  discharge  rates.  It  is 
interesting  to  caapere  results  obtained  earlier  at  the  same  discharge  rate 
under  eeuparable  conditions.  The  data  indicate  that  while  the  heavier 
plate  backing  support  has  no  apparent  effect  on  the  high  rate  performance 
of  the  heavier  plate,  it  does,  however,  she*;  an  Improvement  with  the 
thinner  plates.  Apparently,  the  more  uniform  current  distribution  in  the 
hesvler  plate  is  overshadowed  by  other  effects,  namely,  polarisation.  How¬ 
ever.  in  the  thinner  plate  cells,  where  polarisation  is  reduced,  the  more 
{  smlform  currant  distribution  shows  e  definite  advantage. 

To  Show  the  effect  of  the  electrolyte  additives  oa  cell  performance 
at  the  high  discharge  rate,  data  for  the  0.025"  plate  cells  were  plotted  ae 
shown  in  Figure  13.  As  may  be  seen,  the  calls  containing  the  electrolyte 
additives  have  a  lower  voltage  and  a  lower  capacity.  Experiments  ere  now 
in  progress  to  measure  the  resistivities  of  these  solutions  to  determine  if 
This  is  the  cause  of  these  observations . 
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To  investigate  its  high  rate  characteristics*  a  Cd/Cd(CH>2 
coulometer  was  constructed.  Ten  plates*  each  5.90"  *  2.75"  x  .035", 


vers  used  for  each  electrode.  The  device  was  conditioned  to  place  its 
electrodes  in  their  proper  states  of  charge*  and  then  cycled  several 
times,  at  10  saperes*  to  stabilise  its  capacity,  A  typical  "charge- 


discharge"  curve  is  shewn  in  Figure  14. 

The  effects  of  hi«$i  current  rates  on  the  coulometer  were  in¬ 
vestigated  by  subjecting  it  to  charges  and  discharges  ranging  fron  100 
saperes  to  600  Mpsces  in  100  anpere  intervals.  These  data  are  shewu  in 
Figures  15  to  20.  The  ampere-hour  capacity  of  the  couloneter  decreases 
as  the  rats  is  Increased  In  a  manner  similar  to  the  behavior  of  a  nickel - 
cadsium  cell.  This  behavior  is  desirable*  for  If  the  coulometer  becomes 
unbalanced  with  respect  to  the  battery*  it  could  either  prevent  complete 
charging  by  giving  a  premature  signal*  or  cause  excessive  overcharging 
by  giving  a  delayed  signal.  To  Insure  aiafe  charging,  it  becomes  desirable 
to  have  the  coulometer  give  a  slightly  premature  signal  at  all  charging 


rates.*  During  the  course  of  these  experiments*  it  was  noted  that  as  the 
current  was  increased,  the  coulometer  got  increasingly  warmsr.  At  600 
amperes,  it  became  so  hot  that  water  vapor  appeared  to  be  boiling  off 
through  the  vent. 


*  It  might  be  noted  that*  at  600  ampere*  the  coulometer  had  an  average 
voltage  drop  of  0.7  volt  for  the  first  nunute  of  discharge. 
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(  A  Cd/Cd(CH)2  coulometer  employing  0.025"  plats*  was,  therefore, 

constructed  to  determine  if  en  Increase  In  capacity  at  high  rates*  similar 
to  the  increase  obtained  using  thin  plates  In  nlckel-ca<haluD  cells*  would 
result,  and  at  the  sane  time  reduce  the  amount  of  heat  generated  due  to 
I2*.  The  coulometer  was  filled  with  341  BOH  until  it  becane  slightly 
over-saturated,  and  then  the  emcees  electrolyte  was  removed.  It  was  found 
that  a  cou  lose  ter  with  a  United  amount  of  electrolyte  cannot  be  conditioned* 
so  it  became  necessary  to  flood  the  device  In  order  to  place  Its  electrodes 
In  their  proper  states  of  charge .  It  is  believed  that  oxygen  evolving  from 
the  anode  and  recombining  with  the  cathode  Is  the  mechanism  that  prevented 
the  conditioning  of  the  coulameter  in  ite  e ami-dry  state.  The  coulometer 
is  now  undergoing  conditioning  In  the  flooded  state.  After  conditioning, 
the  excess  electrolyte  will  be  removed*  end  the  cell  will  be  sealed  prior 
(  to  high  rate  testing. 

B.  qUMI  0CMB01  CIRCUIT 

A  schematic  diagram  of  the  charge  control  circuit  Is  shown  In 
Figure  21.  The  circuit  operates  as  follows:  Transistor  T^  and  T2  form 
a  Schmitt  trigger.  With  no  Input  signal*  Tj  la  conducting  and  Tj  Is  non¬ 
conducting.  Thus,  point  C  Is  at  a  high  potential  with  respect  to  ground. 

This  ctusot  the  unijunction  transistor,  OJ.  t  to  oscillate  and  send  currant 
pulses  Into  the  gate  of  the  silicon  controlled  rectifier,  SCR^.  If  a 
charger  with  the  polarity  shown  Is  connected  between  terminals  A  and  B, 
current  will  flew  In  a  direction  to  charge  the  battery  If  the  charger  volt¬ 
age  la  greater  then  the  battery  voltage.  This  current  will  flow  through 
BCBj  because  it  has  been  turned  on  by  TU2 .  Point  D  Is  at  almost  zero 
i  potential  with  respect  to  ground,  and  therefore*  la  not  oscillating. 

Capacitor,  C*  will  charge  to  the  voltage  of  the  battery  through  Resistor  R. 
When  the  signal  voltage  reaches  a  sslected  value*  transistor  f|  will  turn 
on  and  fj  will  turn  off.  This  action  Is  regensratlve .  This  makes  point  C 
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a  low  potential  with  respect  to  ground  and  causes  BJg  to  stop  osclllalng. 

Foist  D,  sow  being  at  a  high  potential,  starts  DJg  oscillating  and  current 
flowing  into  the  gate  of  SCR^.  SCR^  1*  turned  on  and  the  capacitor.  C.  is  con* 
nected  across  the  tens  inale  of  SCRj  thereby  reversing  the  polarity  of  the 
voltage  across  SCR^  and  turning  it  off.  SCRg  cannot  stay  on  because  after 
the  capacitor  discharges,  the  only  current  that  could  flow  oust  flow 
through  R  which  has  a  resistance  high  enough  to  keep  this  current  below 
the  alnlaue  holding  current  of  SCRg.  When  the  signal  voltage  decreases 
to  a  selected  value.  SCH^  is  again  turned  on  and  charging  is  resumed,,  The 
silicon  rectifier.  SR.  is  deployed  to  allow  the  battery  to  be  discharged 
by  any  load  placed  across  temlnals  A  and  B. 

This  circuit  can  be  used  with  either  the  coulameter.  pressure 
switch  or  amplified  Adhydrode  signal  as  a  means  of  control.  Many  of 
the  problems  associated  with  this  circuit  ware  concerned  with  designing 
s  Schaltt  trigger  to  operate  with  the  coulosater  end  the  Adhydrode.  This 
is  because  near  the  end  of  charge,  the  Adhydrode  and  coulaneter  voltage 
both  rise  slowly,  from  an  electronic  point  of  view,  and  at  a  certain  volt¬ 
age  level  the  cell  is  fully  charged.  At  this  voltage,  transistor  Tg 
Should  switch  fron  its  on  state  to  its  off  state  and  turn  SCSj  completely 
on  before  capacitor  C  discharges  appreciably.  The  first  breadboard  of 
this  circuit  had  a  slow  response  tins.  and.  therefore,  work  was  concentrated 
on  designing  a  Schaltt  trigger  with  a  fast  turn  on  tlas. 

A  prototype  charge  control  circuit  capable  of  handling  charging 
currents  of  16  asperes  and  discharging  currants  of  6  amperes  was  tasted 
by  using  it  in  conjunction  with  a  coulcmeter.  to  control  the  charging 
of  a  fifteen-cell,  35  AH  battery.  A  typical  cycle  ran  as  follows:  the 
calls  ware  discharged  for  1%  hours,  then  the  load  was  disconnected  and  a 
constant  potential  source  was  connected  to  the  battery.  The  charger  remained 
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connected  to  the  battery  until  the  coulooeter  gave  a  signal  to  the  charge 
l  control  circuit  to  terminate  charging  current.  IWelve  cycle*  were  run* 

and  the  charge  control  circuit  functioned  properly  upon  signal  from  the 
coulometer. 

On  the  basis  of  the  successful  operation  of  this  control  circuit* 
three  circuits  were  built.  Each  of  theee  circuit#  is  capable  of  handling 
charging  currents  of  110  amperes.  These  circuits  will  be  used  to  evaluate 
each  of  the  three  methods  of  determining  end  of  charge.  Three  groups  of 
cells  will  be  cycled,  with  their  charging  cycles  controlled  by  the  coul> 
one ter,  Adhydrode,  and  pressure  switch.  Pressure  at  the  end  of  charge 
and  aag>ere-hour  capacity  will  be  recorded  and  evaluated  to  determine  the 
best  method  of  charge  control. 
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v.  .cfficLqyqff 


Studies  on  tiie  effect  of  plete  thickness  on  seeled  cell  behavior 
shoved  that  thln-plate  cells  performed  better  at  high  rates,  the  Improved 
performance  of  such  cells  Is  the  result  of  reduced  polarisation,  which  Is 
tiie  predominant  factor  in  determining  cell  voltage  and  capacity  at  high 
rates. 

A  heavier  plate  backing  support  (and  consequently,  a  more  uniform 
plate  current  distribution)  appears  to  have  a  greater  effect  on  thln-plate 
cells  when  such  cells  are  discharged  at  high  rates. 

A  Cd/Cd(0B>2  coulometer,  at  high  rates,  behaves  similarly  to  a 
nickel -cadmium  cell,  and  an  average  voltage  drop  of  0.7  volt  can  be  ex¬ 
pected  from  a  coulometer  constructed  with  0.033“  plates,  during  the  first 
minute  of  a  600  aapere  discharge. 

A  breadboard  model  of  the  charge  control  circuit  functioned 
proparly,  at  madltm  currants,  shewing  that  the  basic  design  of  the  circuit 
Is  correct. 
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FIGURE  3  -  VOLTAGE  VS.  TIME 

15  AMP.  DISCHARGE  AT  0*F 
400  AM  CHARGE  16  HRS.  AT  R.T 


BCE  AT  0*F 
16  HRS.  AT  B.T 


50  AMP.  DISCHARGE  AT  0*F 
400  MA  CHARGE  16  HRS.  AT  R.T 


FIGURE  10  -  VOLTAGE  VS„  TIME 

60  AMP.  DISCHARGE  AT  R.T 
400  MA  CHARGE  AT  R.T. 


FIGURE  13  -  EFFECT  OF  RUBIDIUM  AND  CESIUM  ON  CELL  VOLTAGE  AND  CAPACITY 
AT  HIGH  DISCHARGE  RATE  (2QC) 

60  AMP.  DISCHARGE  AT  R.T.  (1.22  A/in2) 

400  MA  CHARGE  AT  R.T. 
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FIGURE  16  -  COULOMETER  VOLTAGE  VS.  TIME  FOR  200 
DISCHARGE  AT  ROOM  TEMPERATURE 


FIGURE  19  -  OOULOCRR  VOLTAGE  VS.  TIME  FOE  500 

AND  DISCHARGE  AT  ROCK  TEMPERATURE 


FIGURE  20  -  COULOHETU  VOLTAGE  VS.  TM  FOR  600  AMFH 

CHARGE  AND  DISCHARGE  AT  ROOM  TEMPERATURE 
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